Introduction
Although physics researchers frequently use free open source software in their research and preparing their research reports (e.g., Octave, Gnuplot, LaTeX) , articles describing how to use open source as a teaching resource are relatively rare. Free and open source software (F/OSS or FOSS) is software which is liberally licensed to grant the right of users to study, change, and improve its design through the availability of its source code (for example see http://en.wikipedia.org/wiki/FOSS). Qucs is FOSS for simulating complicated analog electric circuits. Although Qucs is not designed for teaching simple electric circuits, this paper provides evidence that it can be used by physics educators to build active learning environments for teaching simple electric circuits.
Physics educators know that students come to physics classes with a range of misconceptions (Novak, 2002) . Passive learning environments in traditional instruction do not help students to attain conceptual change (e.g. Eryilmaz, 2002; Liégeois et al., 2003) . Misconceptions arise from prior experiences and misinterpretations of information at hand (Tsai, 2001; Sungur, Tekkaya & Geban, 2001) , resulting in naive understandings that are inconsistent with the scientific view (Duit, 2002) . In general, misconceptions are resistant to change (Ronen & Eliahu, 2000) . Changing students' concepts is not simply the adding of new information, but is a process that enables students to synthesise models in their own minds, beginning with their existing explanatory frameworks (Vosniadou, 2002) . According to Chi and Roscoe (2002) , conceptual change is repair of misconceptions. Starting with naive conceptions, the instruction must help students to identify their faulty conceptions and repair them. In this view, misconceptions are miscategorisations of concepts, so conceptual change is the reassignment of concepts to correct categories. Thus, physics instructors need to search for a new philosophy in which learners are actively constructing their own knowledge (Jong et al., 1998) , and instructors recognise students' previous difficulties (Cataloglu, 2006) . These are the key concepts of constructivism where students' are encouraged to construct their own knowledge based on their existing knowledge and through an active participation.
Studies on direct current electricity
The abstract nature of concepts in electricity leads students to develop many misconceptions related to concepts of current, potential difference, complete circuit, and power dissipated within a circuit element. These misconceptions have been the focus of many studies in physics education (e.g., McDermott & Shaffer, 1992a; Lee & Law, 2001; Engelhardt & Beichner, 2004; Sencar & Eryilmaz, 2004; Periago & Bohigas, 2005) , are common to both students and teachers, and are observed in various countries (Shipstone et al., 1998) .
Many young students considered that a single wire is enough to carry current from the positive terminal of the battery to a bulb (sink model, Fredette & Lochhead, 1998) . Alternatively, some students think that currents coming from positive and negative terminal meet at the bulb, are used up in the bulb and shine it (clashing current, Osborne, 1983) . Many students thought that current flows in one direction around the circuit and is being used up so less is available to other elements further along in the circuit (sequence model, Shipstone et al, 1984; attenuation model, Osborne, 1983) . When students are asked to deduce potential difference from resistance and current information, most of them relied only on current, and ignored or underestimated the importance of resistance information (Liégeois & Mullet, 2002; Liégeois et al., 2003) . This caused another misconception that, in an open circuit, there is no potential difference (Engelhardt & Beichner, 2004) . Students also have many difficulties in analysing electric circuits. For example, if a circuit is modified, they tend to analyse only the modified part of the circuit (localist approach) rather than the whole circuit (Cohen, Eylon & Ganiel, 1983) . Students also have difficulty with electric diagrams and short circuit. A complete list of students' difficulties and misconceptions related to direct current electricity is provided by Engelhardt and Beichner (2004) .
Studies showed that traditional electricity courses does not much alter students' misconceptions (e.g., Jaakkola, Nurmi & Lehtinen, 2005; Jaakkola & Nurmi, 2004; Liégeois & Mullet, 2002) . Evans (1978) suggested a teaching strategy which enforces qualitative understanding of electric circuits. Evans used batteries and bulbs as teaching material. Upcoming researchers used Evans' teaching strategies that utilise batteries and bulbs as teaching materials, to foster understanding of concepts related to simple electric circuits (e.g., Engelhardt, Gray & Rebello, 2004; Slater, Adams & Brown, 2000; McDermott & Shaffer, 1992b) . For example, Ates (2005) applied a teaching strategy based on a learning cycle method that included batteries and bulbs. He found that providing constructivist teaching with batteries and bulbs used as primary teaching materials was effective in increasing students' understanding of simple electric circuits. Other methods that take students' misconceptions into account seems to be effective for changing misconceptions related to the electric circuits. For example, Wang and Andre (1991) demonstrated that texts developed for facilitating conceptual change improved acquisition of qualitative concepts about simple electrical circuits. Laboratory based activities improve students' conceptual understanding of current electricity (McDermott & Shaffer, 1992b) . On the other hand, some deep misconceptions may not be altered by direct experience with the real electric circuits (Ronen & Eliahu, 2000) .
Computer simulations and active learning
In general, traditional physics experiments aim at convincingly demonstrating concepts. This means that the result obtained from the experiment should agree sufficiently well with the predicted value to persuade the student that the concept is true. Owing to apparatus or method reasons, agreement is often not satisfactory. Thus, students are usually left questioning why there is such a discrepancy (Sethi, 2005) . This may cause students to disbelieve the experiment that they carried out and the fostering of conceptual change fails. However, computer simulations provide exact agreement with the predicted outcomes, thus reinforcing students' understanding of relationships between variables.
Constructivist approaches emphasise active learning (Donaldson, 2005) which is described as "providing opportunities for students to meaningfully talk and listen, write, read, and reflect on the content, ideas, issues, and concerns of an academic subject" (Meyers & Jones, 1993, p. 6) . One way of creating an active learning environment is the use of "What if…" questions (IDS, 2002, p.8-1; Sokoloff & Thornton, 1997) . Computer simulations can be used to build such an environment. For example, Mzoughi et al. (2005) used WebTop with "what will happen if …" kinds of questions, to provide an ideal mechanism for creating an active learning environment. Studies showed that computer simulations contribute to students' understanding of physics concepts. Dori et al. (2003) indicated that visualising abstract concepts in physics by simulations enhances students' conceptual understanding, and promotes active learning. Students in their study said that utilising computer simulations contributed to their conceptual understanding. Sethi (2005) explained how to set up virtual laboratories to enhance learning in physics. Papaevripidou, Hadjiagapiou and Constantinou (2005) used computer simulations to foster conceptual understanding in conservation of momentum. Lee, Nicol and Brooks (2004) indicated that Physlets (undated) are very useful for correcting student misconceptions. Physlets (Physics Applets) are small, flexible Java applets designed for science education. Jaakkola, Nurmi and Lehtinen (2005) used Electricity Exploration Tool to simulate electric circuits and showed that a computer simulation was able to improve students' understanding of current electricity compared to the laboratory work. Thompson (2002, p.101) explained the importance of the use of FOSS in education in these terms:
Free open source software (FOSS) in physics education
…open source software will provide new and exciting possibilities for educators. Obviously, the free or low cost availability of open source software has great appeal for educators at all levels … the opportunity provided by open source software for education to adapt software to the needs of their students. In the same way a teacher might adapt a lesson plan to his or her needs; open source software may provide the opportunity to adapt a software program.
Moelter (undated) from California Polytechnic State University uses free open source software, Vpython, simulations to discuss what to expect in advance of showing the result. VPython is used as a teaching material by Salgado (undated) at the Department of Physics, Syracuse University. Sethi (2005) demonstrated that physics educators can utilise free open source software to set up virtual physics laboratories that contribute students' understanding of difficult physics subjects. Sanchez (2005) introduced Linux and other FOSS with special emphasis upon physics research and education. Cataloglu and Baser (2005) used FOSS to teach vectors to freshman physics students. They concluded that the software they used enhanced students' understanding of vectors. Another similar study was done by Cataloglu (2006) . He found that students who utilised FOSS in their learning performed better than students who did not.
Most educational software that simulates electric circuits implements only predefined circuits (e.g. DC Circuits Challenge). These types of simulations fail to create active learning environments because students cannot alter the circuits. Instructors cannot ask "what happens if we modify the circuit…" kinds of questions to build an active learning environment.
Spice is a general purpose FOSS circuit simulation program for nonlinear DC, nonlinear transient, and linear AC analyses. The use of spice in electric circuit lessons is suggested by Kuphaldt (2006) in his Lessons in Electric Circuits which is a series of free textbooks on the subjects of electricity and electronics. Using spice is not easy because it requires the writing of a 'netlist' which describes a circuit. This non-visual property of spice inhibits its use in elementary physics courses. Qucs is an integrated circuit simulator having a graphical user interface (GUI) for circuit setup, to simulate the large-signal, small-signal and noise behavior of the circuit. After that simulation has finished one can view the simulation results on a presentation page or window. As setting up a circuit in Qucs is very easy, it is possible to use it with little difficulty in first year physics courses to simulate circuits. GEDA is another FOSS visual circuit simulator that can be used instead of Qucs. One can use similar commercial circuit simulators to build active learning environments and promote conceptual change. For example, Pspice and CircuitMaker are other commercial circuit simulators very similar to Qucs. However, this study concentrates upon free open source software to promote conceptual understanding, and thus Qucs was chosen as the circuit simulator instead of a commercial equivalent.
Method

Purpose
The first purpose for this study is to investigate the building of an active learning environment utilising Q u c s FOSS for simple DC circuit simulations. The second purpose is to test the immediate and delayed contribution of Qucs simulations to students' understanding of DC circuits.
Subjects and setting
The students participating in this study were pre-service elementary mathematics teacher students, enrolled in two classes of a science education course at Abant Izzet Baysal University (n=102, male=59, female=43). As a minor area for elementary mathematics teachers is science education, they had previously studied General Physics II, a calculus based course that includes the topics of static electricity, direct current circuits and magnetism. The students ranged in age from 21-24 years and their native language and language of instruction was Turkish. Students worked individually on computers.
Experimental design and instruments
To explore the effectiveness of Qucs simulations on developing students' understanding, the direct current electricity test (DCET) was administered to all students at the beginning of the instruction, immediately after instruction and six weeks after instruction. The questions in the DCET were multiple choice items with five alternatives, selected from version 1.2 of DIRECT developed by Engelhardt and Beichner (2004) . Since it would not be possible to teach all the concepts assessed by DIRECT with Qucs simulations, the objectives listed in Table 1 were selected. DCET consisted of 16 questions from DIRECT, selected according to the objectives in Table  1 . The test was translated and adapted to Turkish by the author. The translated version of DIRECT was examined and verified by two physics instructors experienced in English. Prior to this study, the test was applied to a total of 243 elementary school, elementary science, and mathematics pre-service teachers. The range, mean, standard deviation and reliability (KR20) of the Turkish version were 6-25, 14.90, 4.61 and 0.71 respectively. All the tests were web based and served by a Python script written by author. At the end of the treatment, students were given an evaluation questionnaire containing 11 Likert type items. The purpose for this evaluation was to obtain students' perceptions of using Qucs in learning physics.
The activity sequence Since the students had studied an electricity course (General Physics II) one year before this investigation, principles of direct current electricity were discussed with students for two hours in case they had forgotten the principles included in current electricity. In this short lecture, the following topics were summarised: potential difference, current, resistance, parallel and series combinations of resistors and batteries, measurement of current and potential difference, Ohm's and Kirchhoff's rules, and power dissipation in a circuit element. Some numerical problems were also solved. After this short introduction, students were administered DCET as a pre-test. After the pre-test, students in two classes were randomly divided into four groups, nearly 26 students in each group (a total of four groups). Students from each group were brought to a computer laboratory having 26 computers where each worked individually.
The students spent six hours in two sessions, each lasting three hours (one session per week) in the computer laboratory to fulfill the tasks. There were 19 simulation tasks that covered topics identified by objectives in Table 1 . For some of the circuit simulations, experiments from Physics by Inquiry (McDermott et al., 1996) were used.
In the first hour of the first computer session, students were introduced to the Linux operating system and some of the educational software in KDEEdu, high quality FOSS educational software collection for the K Desktop Environment. For example, since these students will become mathematics teachers, they were advised about using KmPlot, a mathematical function plotter for the KDE. The possibility of using some other software such as KTurtle in their teaching careers had also been demonstrated. Although the participants had not used Linux OS previously, it was noticed that their motivation toward Linux OS and KDE software was very high.
Simulation tasks were assigned by the researcher. The researcher tried to ensure that collaborative learning did not take place while students performed the given task. After the students finished each task individually, a whole class discussion was conducted to provide an opportunity for them to reflect on their findings.
The next step was to introduce Qucs to students. An extensive Turkish tutorial on using Qucs for beginners was prepared by the author. Students used this tutorial as supplementary material throughout their study with Qucs (in Turkish, at http://mbaser.web.ibu.edu.tr/Qucs/, translation by the author). As an introduction, students set up a simple circuit containing a battery, a resistor and an ammeter as shown in Figure 1 . Figures give screenshots for an English reader although the students used the Turkish version of Qucs.
After the first circuit with which students learned using Qucs to simulate electric circuits, students asked "what happens … if I …" questions to build an active learning environment as Sokoloff and Thornton (1997) suggested. The first question was "What happens to the current read by the ammeter Figure 1 : A simple circuit simulation with Qucs if I add an equivalent resistor in series to the first resistor?" Students set up the circuit and observed the change in the current probed by the ammeter. Students were asked to infer the change in power dissipation in the first resistor after modification. Then students were asked to add another series resistor to the circuit. Some of the questions for were:
• What will happen to current passing through R2 if I short circuit R1?
• What will happen to the power delivered to circuit by the battery if I open the branch connecting R3? • What will happen to the potential difference across resistor R2 if I add another equivalent battery in series to the first battery? • What will happen to the potential difference across resistor R2 if I add another equivalent battery in parallel to the first battery?
As an example students first set up the circuit shown in Figure 2 where all circuit components are identical. In this circuit two parallel resistors are connected in series to another resistor. When students were asked to explain the change in current through R1 when R2 is short circuited, most tended to analyse locally. That is, they considered only changes through R3 and responded that current through R1 remains the same. When students simulated the change, they saw that current through R1 changes as well as through R3. These types of activities provide a means for attaining an active learning environment and promoting conceptual understanding.
Figure 2: Two parallel resistors connected in series to a third resistor There was no voltmeter object in Qucs to measure potential difference across a circuit element when this study was made. Instead, Qucs can measure potential on a point with respect to ground. It was speechless for students when they first encountered "potential on a point". But subsequent information provided for them makes the concept of potential on a point clear. This relied on an analogy for potential drop, as depicted in Figure 3 . This analogy enables students to understand "potential drop" as well as the cause of current in a circuit element. After this analogy and measuring potential drop in circuits, many participants in this study made statements such as "Before this analogy I always thought that the cause of potential difference across a circuit element is the current flowing through it. But now I can safely say that, the current through a circuit element is due to the potential difference across it."
After two sessions totalling 6 hours were completed, the DCET was administered as a post-test. The evaluation questionnaire was given also.
Results
Development of students understanding in direct current electricity
To evaluate the effectiveness of Qucs simulations, all students were administered DCET before the treatment and after the treatment. A six week delayed post-test also was administered to assess whether the change in achievement was durable. The data was analysed by using Rweb, a web interface for R, a free software environment for statistical computing and graphics. Paired t-test was used to evaluate students' progress in understanding of direct current electricity concepts as measured by DCET. The analysis of data for comparison of pre and post DCET scores is shown in Table 2 . The results showed that there was a significant difference between the pre and post-test mean scores of the students who received active learning instruction with Qucs simulations (Figure 4) . It can be concluded that posttest scores were significantly improved: the average percent of correct responses increased from 45.3% to 65.9%, resulting in average normalised gain, <g>=0.38. The overall average normalised gain (see Appendix for a description) for students in this study was in the "medium" category as defined by Hake (1998) . Gains for individual objectives (Table 3) showed least improvement for objective 4 and paired t-test analyses revealed that it was not significant. Table 1 The questions for assessing objective 4 were related to power dissipation in circuits. For example, in one question, where all circuit elements are identical, a bulb is connected to a battery in the first circuit. In the second circuit, two bulbs in series were connected to a battery. Students were asked to compare the brightness of the bulbs. More than 90% of the students selected an incorrect answer for this question. This indicated that students still thought that the brightness of a bulb was directly related to the current passing through it (I) rather than power consumed in the bulb (I 2 R). Thus, it can be concluded that the instruction based on Q u c s simulations failed to change misconceptions related to power consumption in a circuit. As this result was unexpected, seven students who had given incorrect answers to this question were interviewed. Students were asked to express their reasoning; and all confirmed their incorrect conception of a direct relationship between the current and the brightness of a bulb.
The greatest gain was obtained with objective 5. The questions for objective 5 were related to comparisons of potential differences between two points when a circuit is modified or in an open circuit. For example, in one question, students were asked about a potential difference across two points where a current does not exist. In the pretest, 84.3% of the students selected zero potential. When students were asked to reveal their reasoning, they stated that "Potential difference equals current times resistance. Since there is no current, potential difference is zero". This way of thinking is consistent with the results obtained by Liégeois et al. (2003) . Almost all students (95.1%) answered this question correctly in the post test. The treatment seemed to be successful in changing this misconception. Paired t-test results for post and delayed post scores for DCET are shown in Table 4 . Analyses of data revealed no significant difference between post and delayed post DCET scores. This result suggests that students' improved understanding of electric circuits was durable. The mean of the retention DCET was 10.41 and average percent of correct responses was 65%. It can be said that changes in conceptual understanding of direct current circuits by Qucs simulations were retained at least in the short term.
Students' evaluation of treatment and Qucs
Students were administrated an evaluation questionnaire having 11 Likert type items, after the treatment. Students selected one of the alternatives: fully agree (5), agree (4), undecided (3), not agree (2), fully disagree (1). The results are shown in Table 5 . 
4.81
As Table-5 indicates, students' perceptions are positive toward computer simulations and Qucs. All students did simple electric circuit experiments during their General Physis II course one year before this study. High scores on item 1 indicated that students almost fully agreed that Qucs simulations contributed to their understanding of electric circuits, compared with real laboratory experiments. Although the average score for item 6 was quite high, students had some suggestions. For example, some wondered why they could not measure potential difference rather than measuring potential at a point (actually they are measuring potential difference between a point and the ground). This suggestion was quoted to the developers of Qucs and they intend to implement a 'voltmeter object' in the next version.
Qucs has facilities for users to save, retrieve and share a circuit simulation. As students seemed to like these features, the researchers asked whether they preferred to use saved circuit simulations or set up their own circuits. Only 17% of the students indicated that they preferred to use saved circuit simulations. This preference could be the subject for further research.
Conclusions
The purpose for this study was to show the possibility of building an active learning environment by the use of free open source software, Qucs, and to evaluate its effectiveness upon students' understanding of direct current electric circuits. The researcher feels that Qucs is a tool for improving students' conceptual frameworks. It gives an opportunity for instructors to understand students' thinking and to foster conceptual change. The analysis of data indicated that students' progress in understanding direct current electric circuits was significant and was retained after six weeks. Furthermore, students' perceptions of the exercise and the software were very positive.
Using Qucs simulations, students were asked "what will happen if …" kinds of questions to create an active learning environment, as Sokoloff and Thornton (1997) proposed. Students also were asked to analyse certain electric circuits, to produce numerical or qualitative answers to questions, and then to use Qucs to simulate the circuit and check their answers. Furthermore, the data obtained from Qucs simulations is exactly what is predicted, to convince the students that a concept is true (Sethi, 2005) . These activities fostered conceptual change.
Computer simulations should not make the experiment more difficult, either conceptually or procedurally, but should rather provide clear explanations and encourage understanding (Redish & Risley, 1990) . According to students' evaluation, one may conclude that it is easy to make cicuit simulations with Qucs.
Traditional methods teaching of electric circuits depend highly on the mathematical applications of Ohm's law, without going deeper into a qualitative analysis of it from the point of view of physics. Simulation exercises can be used (Periago & Bohigas, 2005) to cope with this problem. This study used computer simulations to encourage qualitative reasoning and showed that the activities promoted students' conceptual understanding of direct current electricity.
The success of computer simulations in changing student's conceptual understanding of direct current electric circuits does not indicate any possibility for completely replacing traditional laboratory experiments (Forinash & Wisman, 2005) . The topic of electricity is so complex that development of understanding of simple circuits requires direct experiences and hands on activity with the real electric circuits (Shipstone et al., 1988) . However, effective combinations of real laboratory experiments with Qucs simulations should be checked as Jaakkola, Nurmi and Lehtinen (2005) did for Electricity Exploration Tool.
The result of this study provided evidence that free open source software, Qucs in this case, can be used successfully in physics teaching. Qucs can also be used to check the solution of chapter end problems from a textbook.
Other possible uses may be in class demonstrations when teaching series and parallel connections of resistors.
